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REMARKS 

Claims 1-30 have been canceled. New claims 31-50 have been added. Thus, claims 31 - 
50 are presented for examination. Applicants respectfully request allowance of the present 
claims in view of the foregoing amendments. 

In the International phase of this PCT application, amended sheets have been filed. 

A marked-up copy and a clean copy of the substitute specification incorporating the 
changes to the specification in this preliminary amendment is provided with this application. No 
new matter has been added by way of the substitute specification. 

The amendments are not made for purposes of patentability. 



The commissioner is hereby authorized to charge any appropriate fees due in connection 
with this paper, or credit any overpayments to Deposit Account No. 19-2179. 
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COMPONENT WITH THERMAL BARRIER COATING AND EROSION- 
RESISTANT LAYER 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is the US National Stage of International Application No. 
PCT/EP2004/013660, filed December L 2004 and claims the benefit thereof. The 
International Application claims the benefits of European Patent application No. 03028576.1 
filed December 11, 2003. All of the applications are incorporated by reference herein in their 
entirety. 

FIELD OF THE INVENTION 
[0002] The invention relates to a component having a thermal barrier coating and an erosion- 
resistant layer as d e scribed in claim 1 . 

BACKGROUND OF THE INVENTION 
[0003] Thermal barrier coatings which are applied to components are known from the field of 
gas turbines, as described for example in EP 1 029 115. 

[0004] Thermal barrier coatings enable components to be used at higher temperatures than 
those permitted by the base material, or allow the service life to be extended. 

[0005] Known base materials (substrates) for gas turbines allow temperatures of use of at 
most 1000°C to 1 100°C, whereas a coating with a thermal barrier coating allows temperatures 
of use of up to 1350°C. 

[0006] The temperatures of use of components in a steam turbine are much lower, and 
consequently these demands are not imposed in this application. 

[0007] It is known from EP 1 029 104 A to apply a ceramic erosion-resistant layer to a 
ceramic thermal barrier coating of a gas turbine blade or vane. 
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[0008] It is known from DE 195 35 227 Al to provide a thermal barrier coating in a steam 
turbine in order to allow the use of materials which have worse mechanical properties but are 
less expensive for the substrate to which the thermal barrier coating is applied. 

[0009] US patent 5,350,599 discloses an erosion-resistant ceramic thermal barrier coating. 

[00010] US 2003/0152814 Al discloses a thermal barrier coating system comprising a 
substrate made from a super alloy, an aluminum oxide layer on the substrate and a ceramic as 
outer ceramic thermal barrier coating. 

[00011] EP 0 783 043 Al discloses an erosion-resistant layer consisting of aluminum 
oxide or silicon carbide on a ceramic thermal barrier coating. 

[00012] US patent 5,740,515 discloses an erosion-resistant layer of a silicide, in particular 
molybdenum silicide, which has been applied to a ceramic thermal barrier coating. 

[00013] US 2003/0035892 Al discloses a ceramic thermal barrier coating system. 

[00014] US patent 5,683,226 discloses a component of a steam turbine with an improved 
resistance to erosion. 

[00015] The thermal barrier coating is strongly eroded on account of impurities in a 
medium and/or high flow velocities of the flowing medium which flows past components 
having a thermal barrier coating. 

SUMMARY OF THE INVENTION 
[00016] Therefore, it is an object of the invention to provide a component which 
overcomes this problem. 
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[00017] The object is achieved by the component as claimed in claim 1 the claims , 

[00018] The subclaims list further advantageous configurations of the components 
according to the invention. The measures listed in the subclaims can be combined with one 
another in advantageous ways. 

[00019] In particular in the case of components of turbines which are exposed to hot 
fluids for driving purposes, scaling often leads to mechanical impact of detached scale 
particles on a brittle ceramic layer, which could lead to material breaking off, i.e. to erosion. 

[00020] Although the ceramic layer is designed to withstand thermal shocks, it is 
susceptible to locally very limited occurrences of mechanical stresses, since a thermal shock 
has a more widespread effect on the overall layer. 

[00021] Therefore, a metallic erosion-resistant layer is particularly advantageous, since it 
is elastically and plastically deformable on account of its ductility. 

[00022] The thermal barrier coating does not necessarily serve only to shift the range of 
use temperatures upward, but rather is also advantageously used to reduce and/or make more 
even the thermal expansion caused by the temperature differences which are produced and/or 
present at the component. It is in this way possible to avoid or at least reduce 
thermomechanical stresses. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[00023] Exemplary embodiments are illustrated in the figures, in which: 



[00025] 



[00024] 



Figures 1, 2 show possible arrangements of a thermal barrier coating 
according to the invention on a component, 

Figures 3, 4, 9, 1 1 show further exemplary embodiments of a component 
designed in accordance with the invention, 
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show a porosity gradient within the thermal barrier coating of 
a component designed in accordance with the invention, 
shows the influence of a temperature difference on a 
component, 

shows a steam turbine, and 

shows the influence of a thermal barrier coating on the 
service life of a refurbished component. 

DETAILED DESCRIPTION OF THE INVENTION 
[00030] Figure 1 shows a first exemplary embodiment of a component 1 designed in 
accordance with the invention. 

[00031] The component 1 is a component of a gas or steam turbine 300, 303 (Fig. 8), in 

> 

particular a steam inflow region 333, a turbine blade or vane 342, 354, 357 (Fig. 8) or a 
housing part 334, 335, 366 (Fig. 8, 9) and comprises a substrate 4 (supporting structure) and a 
thermal barrier coating 7 applied to the substrate, as well as an outer erosion-resistant layer 13 
on the thermal barrier coating 7. The erosion-resistant layer 13 can also simultaneously act as 
a thermal barrier coating, in which case there would in physical terms be only a single layer 
on the substrate 4. 

[00032] The erosion-resistant layer 13 preferably consists of a metal or a metal alloy and 
protects the component from erosion and/or wear, as is the case in particular for steam 
turbines 300, 303 (Fig. 8), which are subject to scaling, and in which mean flow velocities of 
approximately 50m/s (i.e. 20m/s - lOOm/s) and pressures from 350 to 400 bar occur. 

[00033] The substrate 4 is, for example, a steel or other iron-base alloy (for example 
l%CrMoV or 10- 12% chromium steels or EN617) or a nickel-base or cobalt-base super 
alloy. 
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[00026] Figures 5, 6 

[00027] Figure 7 

[00028] Figure 8 
[00029] Figure 10 
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[00034] The thermal barrier coating 7 is in particular a ceramic layer which, for example, 
at least partially comprises zirconium oxide (partially stabilized or fully stabilized by yttrium 
oxide and/or magnesium oxide) and/or at least partially comprises titanium oxide and is, for 
example, more than 0. 1 mm thick. 

[00035] Therefore; it is possible to use thermal barrier coatings 7, which consist 100% of 
either zirconium oxide or titanium oxide. 

[00036] The ceramic layer 7 can be applied by means of known coating processes, such as 
atmospheric plasma spraying (APS), vacuum plasma spraying (VPS), low-pressure plasma 
spraying (LPPS) and by chemical or physical coating methods (CVD, PVD). 

[00037J Figure 2 shows a further configuration of the component 1 designed in 
accordance with the invention. 

[00038] At least one further intermediate protective layer 10 is arranged between the 
substrate 4 and the thermal barrier coating 7. 

[00039] The intermediate protective layer 10 is used to protect the substrate 4 from 
corrosion and/or oxidation and/or to improve the bonding of the thermal barrier coating to the 
substrate 4. This is the case in particular if the thermal barrier coating 7 consists of ceramic 
and the substrate 4 consists of a metal. 

[00040] The intermediate protective layer 10 for protecting a substrate 4 from corrosion 
and oxidation at a high temperature includes, for example, substantially the following 
elements (details of the contents in percent by weight): 
1 1 .5 to 20.0 wt% chromium, 
0.3 to 1.5 wt% silicon, 
0 to 1.0 wt% aluminum, 
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0 to 0.7 wt% yttrium and/or at least one equivalent metal selected from the group consisting 
of scandium and the rare earth elements, remainder iron, cobalt and/or nickel as well as 
manufacturing-related impurities. 

[00041] In particular the metallic intermediate protective layer 10 consists of 
12.5 to 14.0 wt% chromium, 
0.5 to 1.0 wt% silicon, 
0 to 0.5 wt% aluminum, 

0 to 0.7 wt% yttrium and/or at least one equivalent metal selected from the group consisting 
of scandium and the rare earth elements, remainder iron and/or cobalt and/or nickel as well as 
manufacturing-related impurities. 

[00042] It is preferable if the remainder is iron alone. 

[00043] The composition of the intermediate protective layer 10 based on iron has 
particularly good properties, with the result that the protective layer 10 is eminently suitable 
for application to ferritic substrates 4. 

[00044] The coefficients of thermal expansion of substrate 4 and intermediate protective 
layer 10 can be very well matched to one another (up to 10% difference) or may even be 
identical, so that no thermally induced stresses are built up between substrate 4 and 
intermediate protective layer 10 (thermal mismatch), which could cause the intermediate 
protective layer 10 to flake of. 

[00045] This is particularly important since in the case of ferritic materials, it is often the 
case that there is no heat treatment carried out for diffusion bonding, but rather the 
intermediate protective layer 10 (ferritic) is bonded to the substrate 4 mostly or solely through 
adhesion. 
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[00046] In particular, the substrate 4 is then a ferritic base alloy, a steel or a nickel-base or 
cobalt-base super alloy, in particular a l%CrMoV steel or a 10 to 12 percent chromium steel. 

[00047] Further advantageous ferritic substrates 4 of the layer system 1 consist of a 

1% to 2%Cr steel for shafts (309, Fig. 8): 

such as for example 30CrMoNiV5-l 1 or 23CrMoNiWV8-8, 

1% to 2%Cr steel for housings (for example 335, Fig. 8): 

G17CrMoV5-10 or G17CrMo9-10, 

[00048] 10% Cr steel for shafts (309, Fig. 8): 
X12CrMoWVNbN10-l-l, 

[00049] 10% Cr steel for housings (for example 335, Fig. 8): 
GX12CrMoWVNbN10-l-l or GX12CrMoVNbN9-L 

[00050] To optimize the efficiency of the thermal barrier coating 7, the thermal barrier 
coating 7 at least in part has a certain open and/or closed porosity. 

[00051] It is preferable for the wear/erosion-resistant layer 13 to have a higher density 
than the thermal barrier coating 7, consisting for example of alloys based on iron, chromium, 
nickel and/or cobalt or, for example, NiCr 80/20 or NiCrSiB with admixtures of boron (B) 
and silicon (Si) or NiAl (for example: Ni: 95 wt%, Al 5wt%). 

[00052] In particular, a metallic erosion-resistant layer 13 can be used for steam turbines 
300, 303, since the temperatures of use in steam turbines at the steam inflow region 333 are at 
most 450°C, 550°C, 650°C or 850°C. For temperature ranges of this nature, there are enough 
metallic layers which offer sufficient protection against erosion as required over the service 
life of the component 1 while at the same time having a good resistance to oxidation. 
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[00053] Metallic erosion-resistant layers 13 in gas turbines on a ceramic thermal barrier 
coating 7 within the first stage of the turbine or within the combustion chamber are not 
possible, since metallic erosion-resistant layers 13 as an outer layer are unable to withstand 
the temperatures of use of up to 1350°C. 

[00054] A ceramic erosion-resistant layer 13 partially or 100% comprises chromium 
carbide, for example. 

[00055] Further materials for the erosion-resistant layer 13 include, for example, a 
mixture of tungsten carbide, chromium carbide and nickel (WC, CrC-Ni), for example in 
proportions by weight of 73 wt% for tungsten carbide, 20 wt% for chromium carbide and 7 
wt% for nickel, also chromium carbide with an admixture of nickel (Cr 3 C2-Ni), for example 
in proportions of 83 wt% chromium carbide and 17 wt% nickel, as well as a mixture of 
chromium carbide and nickel-chromium (Cr 3 C2-NiCr), for example in proportions of 75 wt% 
chromium carbide and 25 wt% nickel-chromium, as well as yttrium-stabilized zirconium 
oxide, for example in proportions by weight of 80 wt% zirconium oxide and 20 wt% yttrium 
oxide. 

[00056] The thermal barrier coating 7 is, for example, porous. Figure 5 shows a porous 
thermal barrier coating 7 with a porosity gradient. 

[00057] There are pores 16 in the thermal barrier coating 7. The density p of the thermal 
barrier coating 7 increases in the direction of an outer surface. Therefore, the layer 7 can be 
used as a thermal barrier in the region where the porosity is greater and if appropriate also to 
protect against erosion in the region where the porosity is lower. 

[00058] Therefore, there is preferably a greater porosity toward the substrate 4 or toward 
an intermediate protective layer 10 that is optionally present than in the region of an outer 
surface or the contact surface with the erosion-resistant layer 13. 
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[00059] In Figure 6, the gradient in the density p of the thermal barrier coating 7 is 
opposite to that shown in Figure 5. 

[00060] The erosion-resistant layer 13 preferably has a higher density than the thermal 
barrier coating 7, so that it 13 has a higher strength. 

[00061] Figures 7a, b show the influence of the thermal barrier coating 7 on the thermally 
induced deformation properties of the component 1. 

[00062] Figure 7a shows a component without thermal barrier coating. 
Two different temperatures prevail on two opposite sides of the substrate 4, a higher 
temperature T max and a lower temperature T m i n , resulting in a temperature difference dT(4). 
The temperature difference dT(4) may amount to at least 200°C. 

[00063] The higher temperature T max is, for example, at least 450°C, in particular even up 
to 850°C. 

[00064] Therefore, as indicated by dashed lines, the substrate 4 expands to a much greater 
extent in the region of the higher temperature T max on account of thermal expansion than in 
the region of the lower temperature T m j n . This different expansion causes undesirable 
deformation of the component (housing). 

[00065] By contrast, in Figure 7b a thermal barrier coating 7 is present on the substrate 4, 
the substrate 4 and the thermal barrier coating 7 together by way of example being of equal 
thickness to the substrate 4 shown in Figure 7a. 

[00066] The thermal barrier coating 7 reduces the maximum temperature at the surface of 
the substrate 4 disproportionately to a temperature T , ma x J even though the outer temperature 
T m ax is just the same as in Figure 7a. This results not only from the distance of the surface of 
the substrate 4 to the higher temperature but also in particular from the lower thermal 
conductivity of the thermal barrier coating 7. The temperature gradient is very much greater 
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there than in the metallic substrate 4. As a result, the temperature difference dT (4,7) (=1^ - 
T m in) becomes lower than the temperature difference in accordance with Figure 7a 
(dT(4)=dT(7) + dT(4,7)). 



[00067] This leads to a lower or scarcely any different thermal expansion of the substrate 
4, as indicated by dashed lines, with the result that locally different expansions are at least 
made more even. 

[00068] The substrate 4 in Figure 7b can be of precisely the same thickness as that shown 
in Figure 7a. 

[00069] The erosion-resistant layer 13 is not illustrated here for the sake of simplicity. 

[00070] Figure 8 illustrates, by way of example, a steam turbine 300, 303 with a turbine 
shaft 309 extended along'an axis of rotation 306. 

[00071] The steam turbine has a high-pressure part-turbine 300 and an intermediate- 
pressure part-turbine 303, each having an inner housing 312 and an outer housing 315 
surrounding the inner housing. The high-pressure part-turbine 300 is, for example, of pot-like 
design. The medium-pressure part-turbine 303 is of two-flow design. It is also possible for the 
intermediate-pressure part-turbine 303 to be of single-flow design. Along the axis of rotation 
306, a bearing 318 is arranged between the high-pressure part-turbine 300 and the 
intermediate-pressure part-turbine 303, the turbine shaft 309 having a bearing region 321 in 
the bearing 318. The turbine shaft 309 is mounted on a further bearing 324 next to the high- 
pressure part-turbine 300. In the region of this bearing 324, the high-pressure part-turbine 300 
has a shaft seal 345. The turbine shaft 309 is sealed with respect to the outer casing 315 of the 
intermediate-pressure part-turbine 303 by two further shaft seals 345. 

[00072] Between a high-pressure steam inflow region 348 and a steam outlet region 351, 
the turbine shaft 309 in the high-pressure part-turbine 300 has the high-pressure rotor blading 



2003P1 1480WOUS Sub. Spec. Marked DJR.rtf 



Page 10 of 15 



2003P11480WOUS 
PCT/EP2004/013660 

354, 357. This high-pressure rotor blading 354, 357, together with the associated rotor blades 
(not shown in more detail), constitutes a first blading region 360. The intermediate-pressure 
part-turbine 303 has a central steam inflow region 333. Assigned to the steam inflow region 

333, the turbine shaft 309 has a radially symmetrical shaft shield 363, a cover plate, on the 
one hand for dividing the flow of steam between the two flows of the intermediate-pressure 
part-turbine 303 and also for preventing direct contact between the hot steam and the turbine 
shaft 309. In the intermediate-pressure part-turbine 303, the turbine shaft 309 has a second 
blading region 366 having the intermediate-pressure rotor blades 354, 352. The hot steam 
flowing through the second blading region 366 flows out of the intermediate-pressure part- 
turbine 303 from an outflow connection piece 369 to a low-pressure part-turbine (not shown) 
which is connected downstream in terms of flow. 

[00073] The turbine shaft 309 is composed of two turbine part-shafts 309a and 309b, 
which are fixedly connected to one another in the region of the bearing 318. 

[00074] In particular, the steam inflow region 333 has a thermal barrier coating 7 and an 
erosion-resistant layer 13. 

[00075] Figure 9 shows an enlarged illustration of a region of the steam turbine 300, 303. 
In the region of the inflow region 333, the steam turbine 300, 303 comprises an outer housing 

334, which is exposed to temperatures of between 250° and 350°C. Temperatures of from 
450° to 800°C are present at the inflow region 333 as part of an inner housing 335. 

[00076] This results in a temperature difference of at least 200°C. At the inner housing 

335, which is exposed to the high temperatures, the thermal barrier coating 7 is applied to the 
inner side 336 (for example not to the outer side 337). The thermal barrier coating 7 is locally 
present only at the inner housing 335 (and for example not in the blading region 366). 

[00077] The application of a thermal barrier coating 7 reduces the introduction of heat 
into the inner housing 335, with the result that the thermal expansion properties are 
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influenced. As a result, all the deformation properties of the inner housing 335 and the steam 
inflow region 333 can be set in a controlled way. 

[00078] This can be achieved by varying the thickness of the thermal barrier coating 7 or 
applying different materials at different locations of the surface of the inner housing 335. 

[00079] It is also possible for the porosity to be different at different locations of the inner 
housing 335. 

[00080] The thermal barrier coating 7 can be applied locally, for example in the inner 
housing 335 in the region of the inflow region 333. 

[00081] It is also possible for the thermal barrier coating 7 to be applied locally only in the 
blading region 366 (Fig. 3). The use of an erosion-resistant layer 13 is required in particular in 
the inflow region 333. 

[00082] Figure 4 shows a further exemplary embodiment of a component 1 according to 
the invention. 

[00083] Here, the thickness of the thermal barrier coating 7 is greater in the inflow region 
333 than in the blading region 366 of the steam turbine 300, 303. 

[00084] The locally different thickness of" the thermal barrier coating 7 sets the 
introduction of heat and therefore the thermal expansion and consequently the expansion 
properties of the inner housing 334, comprising the inflow region 333 and the blading region 
366, in a controlled way. 

[00085] Since higher temperatures are present in the inflow region 333 than in the blading 
region 366, the thicker thermal barrier coating 7 in the inflow region 333 reduces the 
introduction of heat into the substrate 4 to a greater extent than in the blading region 366, 
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where lower temperatures are present. Therefore, the introduction of heat in both the inflow 
region 333 and adjoining blading region 366 can be kept approximately equal, so that the 
thermal expansion is approximately equal. 

[00086] It is also possible for a different material to be present in the region of the inflow 
region 333 than in the blading region 366. The thermal barrier coating 6 has in this case been 
applied throughout the entire hot region, i.e. everywhere, and includes the erosion-resistant 
layer 13. 

[00087] Figure 11 shows another application example for the use of a thermal barrier 
coating 7. 

[00088] The component 1, in particular a housing part, is in this case a valve housing 31, 
into which a hot steam flows through an inflow passage 46. 

[00089] The inflow passage 46 mechanically weakens the valve housing. The valve 
housing 31 comprises, for example, a pot-shaped housing part 34 and a cover 37. Inside the 
housing part 3 1 there is a valve comprising a valve cone 40 and a spindle 43. 

[00090] Component creep leads to uneven axial deformation of the housing 3 1 and cover 
37. The valve housing 31 would expand to a greater extent in the axial direction in the region 
of the passage 46, leading to tilting of the cover together with the spindle 43, as indicated by 
dashed lines. As a result, the valve cone 43 is no longer seated correctly, which reduces the 
leak tightness of the valve. 

[00091] The application of a thermal barrier coating 7 to an inner side 49 of the housing 
31 makes the deformation properties more uniform, so that both ends 52, 55 of the housing 
3 1 and of the cover 37 expand evenly. 
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[00092] Overall, the application of the thermal barrier coating 7 serve to control the 
deformation properties and therefore to ensure the leak tightness of the valve. The thermal 
barrier coating once again includes the erosion-resistant layer 13. 

[00093] Figure 10 shows the influence of applying a thermal barrier coating 7 to a 
refurbished component 1 . 

[00094] Refurbishment means that after they have been used, components 1 are reused 
and before this repaired if necessary, i.e. corrosion and oxidation products are removed and 
any cracks are detected and repaired, for example by filling with solder or by welding. 

[00095] Every component 1 has a certain service life until it is 100% damaged. 

[00096] If the component 1, for example a turbine blade or vane 342, 254, 357 or an inner 
housing 334, is inspected at a time t s and refurbished if appropriate, a certain percentage Ss of 
the damage has been reached. The time profile of the damage to the component 1 is denoted 
by reference numeral 22. 

[00097] After the servicing time t s , the damage curve without refurbishment would 
continue as indicated by the dashed line 25 and rise considerably, since the component, 
despite maintenance, does not have the same mechanical properties as a newly produced 
component. 

[00098] The remaining service life would be relatively short as a result. 

[00099] The service life of the component 1 is considerably lengthened by the application 
of a thermal barrier coating 7 and/or erosion-resistant layer 13 to the component 1 which has 
been subject to preliminary damage or microstructural changes. 
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[000100] The thermal barrier coating 7 reduces the introduction of heat and the damage to 
components, and consequently the service life profile continues further as indicated by curve 
28. 

[000101] The deformation properties of components 1 are also made more even by the 
thermal barrier coating 7, resulting, for example, in reduced stresses, which could lead to 
damage to the component 1. 

[000102] This likewise increases the service life of the component 1. Therefore, the service 
life is lengthened by evening out the deformation properties of the component and/or by 
reducing the introduction of heat into the component 1. 

[000103] The profile of the curve for a component 1 with thermal barrier coating 7 is 
considerably flatter than the curve profile 25, with the result that a coated component 1 of this 
type can be used for at least twice as long. 
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